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Abstract

Stainless steel flanged pipe formed by the weldiegused commonly in nuclear,
chemical, petroleum and food industries in which ¢orrosion resistance has importance.
In the stainless steels, the distortions are ocedirat an important rate due to excess heat
input in welding method. This situation causes {ilaleor force and repair costs.

In this study, angular distortion values - the meffective distortion - observed in
welded flanged pipes was investigated. Austenii&inless steel flanged pipes were
produced by tungsten inert gas (TIG) method witlwithout filler rod. The most important
parameter affecting the temperature rise in heéciéd zone (HAZ) is the welding current.
Therefore, experimental study was carried out bipgusvelding current (70, 80, 90, 100
and 110 A) deemed worthy of researching.
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TIG METOT KAYNA Gl ILE OSTENITIK PASLANMAZ CEL iK
FLAN SLI BORUDA KAYNAK AKIMININ ACISALD ISTORSIYONA
ETKIiSI

Ozetce

Kaynakli imalat ydntemiylesekilendirilmis paslanmaz celik flgh borular
Ozellikle korozyon direncinin dncelikli 6nem arzig@tnukleer, kimyasal, petrol ve gida
sektorlerinde yaygin olarak kullaniimaktadir. Kajngdntemiyle birlgtirmelerde bdlgesel
Isi olwumu nedeniyle Ozellikle paslanmaz celiklerin kaynsonrasi dnemli miktarda
distorsiyonlar olgmaktadir. Bu durum, zaman vggiitici duzeltme maliyetlerine neden
olmaktadir.

Bu calsmada, kaynakli imalat boru-flarbirlstirmelerde distorsiyon gélerinden
en etkilisi olan agisal distorsiyon gerleri arastiriimigtir. Arastirmada, 2 mm sac
kalinhdiginda ostenitik paslanmaz celikten (AISI 304) bdamsf birlestirmelerinde dolgu
telsiz ve dolgu telli manuel TIG metot kaynak yivési kullaniimstir. Birlestirme
bolgesinddeki 1s1 arini etkileyen en 6nemli parameter kaynak akimiBu. nedenle,
deneysel catmalar 2 mm sac kalgh icin arastirmaya dger gortlen 70 A, 80 A, 90 A,
100 A, 110 A kaynaak akimigdeleriyle gerceklgtirilmi stir.

Key words: Angular distortion, TIG (Tungsten Inert Gas), piifenge welding, austenitic
stainless steel
Anahtar kelimeler: Acisal distorsiyon, TIG, boru flarkayna, ostenitik, paslanmaz celik

INTRODUCTION

Stainless steels flanged-pipe formed by the weldarg used
commonly in nuclear, chemical, petroleum and fawdustries in which the
corrosion resistance has importance. In austesititless steels, thermal
expansion is high and heat conduction is low [1Tjerefore, low heat
input must be applied in the welding of austengdtainless steels. TIG
method with low heat input is preferred especiédiy thin parts [3]. TIG
method gives less distortion values with respeantdal inert gas (MIG)
method [4].

Welded joints are carried out with local heatindhefiefore, the
temperature distribution is not uniform in weldeatp[2,5,6]. This affects
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the characteristics of the material, residual sessthe size and the shape of
welded parts. As a result, damages occur in themvdlded flanged-pipe
joint fabrication applications, the labor and tim@st in correcting angular
distortion, as a result of residual stresses ergyeddby cooling after local
heating, is an important trouble [7-9]. Coefficemtf thermal expansion of
austenitic stainless steel are more than 50%, derisg alloy or low-alloy
steels [7]. Due to this reason, the angular distast in the austenitic
stainless steel welded joints increases and ca@rreptocesses increase the
labor and time costs in according to structuratlste

Angular distortions are influenced by three mainataes - thermal
stresses, construction rigidity and metallurgicedperties of the material
[10]. The increase in value of the welding currgmreases the local heat
input values in welded connectioi$erefore, the determination of the most
appropriate welding current in welded flanged-pigennections of
austenitic stainless steels is a significant véeidb be examined for the
minimum cost of fabrication due to minimum angudatortion.

In Austenitic stainless steel welded flanged-pipennection
applications with the manual TIG method, weldingptogees often prefer
welding with high current. The reason for this listtthe arc ignites very
easily and the welding speed increases proportimntie welding current.
Welding faster in order to finish the job more ddycusually gives to work
piece more heat input than enough.

Nonetheless, in the applications that the gap bEtwehe inner
diameter of the flange-pipe and the outer diametehe pipe is more than
enough, TIG welding with filler rod is preferrech such cases, owing to
applying heat more than enough, distortions in@easl costs increase in
order to resolve problems that arise. Alternativéhgtead of continuous
welding, distortions can be reduced with a methettlimg [11].

In this study, we investigated the effect of wetdicurrent that was

active on local heat input to angular distortiomattoccur in connections of
welded flanged-pipe connection with TIG welding.dAalso in order to
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examine the design of flange and carelessnesssim&nufacturing, the
effect of conditions were examined with or withdiler rod to angular
distortion.

Experimental studies realized with 70 A - 80 A -A0 100 A and
110 A welding current values for each of with otheiut filler rod in TIG
welding method. Approximate constant penetratiodtivis used in order to
assess the changes in welding rates. Experimersialts show that the filler
rod applications cause the increase in angulaortish values, and the most
appropriate angular distortion is obtained at therfrod conditions that use
the welding current “70 A”.

EXPERIMENTAL STUDIES

AISI 304 austenitic stainless steel is used forekgerimental studies
and its chemical composition is given at Table 1.

Material C |Mn |Si|Cr|Ni P S Others
AISI304 | 0.08| 20| 1| 18| 10| 0,045| 0,03 -

Table 1. The chemical composition of AISI 304 angie stainless steel

@ 2 mm ER 308L rod was used as the weld filler rbd. chemical
composition is given at Table 2.

Material C Mn Si Cr Ni P S Others
ER 308L | 0.03|1.0-2.5/0.30-0.65 19.5-22.0 9.0-11.0| 0.03| 0.03(0.75 Mo 0.75 Cu

Table 2. The chemical composition of the weld filed “ER 308 L~

For the experimental studies, the welded pipe withensions of
Douter 139,7 x 400 x 2 mm, was manufactured from AlISI 3Déet metal
with dimensions of 400 x 438,66 x 2 mm. Flangedwiimensions of 240
mm (outer diameter), 141 mm (inner diameter) weaaufactured from the
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same sheet metal with the laser cutting and thewg legght holes with the
dimension of 18 mm diameter. The assembly drawfngetded flange-pipe
iIs shown at Figure-1. The welding machine “ESAB gof™ Arc 150i”
made all welded connections.

A-A CROSS-SECTION

RN

400

Figure 1. Welded flange-pipe geometry.

In the TIG welded flange-pipe connections, the métivelding was
preferred, which reduces the amount of heat inp@{3. Figure 2 presents a
diagram of welding plan. According to this planarfe-pipe was spot
welded with mutually 4 points and then welded catioa were applied to
respectively 1, 2, 3, 4, 5, 6 zones. In order teeap the heat balanced,
welding was done reciprocal and in the next stelaivwg was kept going as
from the point that heats before. After the weldpign, a template was
constituted and the areas to be welded were marnkeadl the test pieces. In
experimental studies, pure argon was selectedagsgtive gas and the flow
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rate is 7 It. / min [12]. In order to study the exff of welding current to
angular distortion, the most appropriate weldingent value is 45 A/ mm,
for instance 90 A for 2 mm metal sheet [12]. Theref the lower and upper
values of 90 A were taken as welding current véeialm this connection,
the experimental studies were carried out with 78@®&A, 90 A, 100 A and
110 A current values. Three tests were carriedboth with and without
filler rod at each welding current and a total @f-\8elded flange-pipe
studied. The welding details used in connectingc@sses are shown at
Table 3. The penetrating width “6 mm” was seledtadthe tests with filler
rod, and “7 mm” was selected for the tests withfilér rod at welded
connections. And also the welder fastened the painey values by
changing the welding speed. After measuring thedinwgl speeds, their
changes in processes were evaluated.

O

Q Kaynak 5 Wwelding 5
//ﬁiﬁ\rﬁ\smch 3 U/

Kaynak 2,welding 2

Ka\mak 3 W8|dlng 3
Kaynak /welding /space 2/3
@ \Punta1 Stitch 1 Punta Stltch 2
Kaynak 4 eldmg 4
Kaynak 1~ welding 1
Punta 4

Stitch 4
Kaynak 6 weldlng 6

O

Figure 2. The plan of method-welding
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Test No g:r;gacri]tty Filler Rod | Test No g:r;gacri]tty F\ill\llg:](lj?lgd
(A) (A)
Test 1 70 No Test 16 70 Yes
Test 2 70 No Test 17 70 Yes
Test 3 70 No Test 18 70 Yes
Test4 80 No Test 19 80 Yes
Test 5 80 No Test 20 80 Yes
Test 6 80 No Test 21 80 Yes
Test 7 90 No Test 22 90 Yes
Test 8 90 No Test 23 90 Yes
Test 9 90 No Test 24 90 Yes
Test 10 100 No Test 25 100 Yes
Test 11 100 No Test 26 100 Yes
Test 12 100 No Test 27 100 Yes
Test 13 110 No Test 28 110 Yes
Test 14 110 No Test 29 110 Yes
Test 15 110 No Test 30 110 Yes

Table 3. The welding details used in connectinggsses.

To assess the effect of welding current to angiitortion, test sample was
attached to lathe chuck from the flange side irakriced manner. At the
same time, it was connected to work bench so tietdilstock can fasten
up the test sample from the centre hole. An axisnth” was drawn from

outside of flange into it by using the caliper. TH®l gauge was put
between sixth and first welding zone, and fastetwe@ress to the drawn
axis. The pre-press of dial gauge was 5 mm. Byirigrthe lathe chuck by
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hand, the deformations in every zone were read fileendial gauge. The

picture captured during measuring is shown in FgBrand details of the
measurement are presented in Figure 4.

Figure 4. The schema of the measuring of angustouion
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In order to measure the angular distortion, thead®n in the comparator
and tangent theorem are used.

RESULTS AND DISCUSSION
The average values of angular distortion and wgldipeed in tests

without filler rod, which measured from the samddareg current, is shown
in Table 4.

The average values of angular distortion and wegldipeed in tests with

filler rod, which measured from the same weldingrent, is shown in

Table 4.
Welding current [A] Angular distortion [Degree] | Welding speedcm/min.]
70 1,54 45
80 1,77 50,2
90 1,93 56,4
100 1,36 62,6
110 0,90 76,4

Table 4. The average values of angular distortiod welding speed in tests

without filler rod in TIG welding [13,14].

Welding current [A] Angular distortion [Degree] | Welding speedcm/min.]
70 2,19 45
80 2,42 50,2
90 2,67 56,4
100 4,40 62,6
110 3,77 76,4

Table 5. The average values of angular distortizh \@elding speed in tests with
filler rod TIG welding [13,15].
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By using Table 4 and 5, the effects of welding enty angular distortion
and welding speed in connections of welded flange;pare presented in
Figure 5.

Dol Welding speed without filler rod (cm / min.) M Dol Welding speed with filler rod (cm / min.)

ADol(Angular distortion without filler rod (degree) A Dol¢Angular distortion with filler rod (degree)
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Figure 5. The effects of welding current, angulatattion and welding
speed

The increase of welding current value affects hiEtsity of weld
zone. As a consequence, weld zone and filler fodsed- start to melt in a
short time together with heat density increases Thiuation shows that
weld processes occur in a short time. The resdlsxperimental studies
reveal that, with the increase in welding curréath with and without filler
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rod increases welding speed (Figure 5). When theditions with and
without filler rod compare, Welding has been obtdirio take place more
quickly in conditions without filler rod beside all welding current values
with filler rod. This result is normal on accourit mass decrease to melt,
since filler rod is not melted. Table 4, Table % &hgure 5 show that, that
piece dimensions for applications of TIG weldednfle-pipe doesn'’t
necessitate the using of filler rod increase wejdipeed twice regardless of
the values of the welding current. In conclusidme tlata obtained from
experimental studies show that the increase of imgldurrent increases
welding speed and quicker welded connection occuwsituations without
filler rod.

The relationship between welding current and anmgal@tortion
reveals that the welding current values increaseali between 70 and 90
Ampere. This situation occurs both with and withéilker rod identically.
However, the angular distortion of filler rod occB7-42 % more. In a
research made for 304-type stainless steel (2 nminG0da20 Ampere, it
showed that the increase of welding current ine@eabe welding seam
width [16]. Increase in the welding seam meansease in the amount of
the heat-affected zone (HAZ). So that is the bigtgformation as a result
of cooling down. And consequently increase at \alieresidual stress and
distortion occurs. Experimental results from 7®@@Ampere are consistent
with the study of the literature.

The distortion data belong to experimental studyl60 and 110
Ampere welding current conditions showed a differeimange from linear
change at 70-90 Ampere welding current data. Wthiéedistortion-decrease
without filler rod occurred, % 50 increase in tlaane conditions with filler
rod occurredThis unexpected situation was tried to interpreekgmining
the flange- distortion shape.

Angular distortion values at the welding current®ren than 90
Ampere, which occurs at condition with filler rothay be expected to
increase. However, due to method welding, distorab its HAZ between
two seams must be decreased on account of heaftydensrease.
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Therefore, distortion type up to 90 ampere weldmgrent was high
amplitude-low frequency and distortion type at eslumore than 90
amperes was low amplitude-high frequency. Simiiatodtion distribution
types occurred at conditions without filler rodal$mall angular distortion
at conditions over 90 amperes without filler roch dae understood as
conditions giving values that is relevant to pusaos the study. However,
distortion type at low amplitude-high frequencyaisesult that is harder to
be corrected and takes time. When it is taken actmunt parameters such
as energy, processing time and correction timedbesielded connection
costs, correction operations cause too much casease. Therefore, the
least correction, so low angular distortion anchhagnplitude-low frequency
are the most appropriate conditions. The data fhravides the most
appropriate values are high amplitude-low frequen®lding without filler
rod and 70 ampere.

CONCLUSION

The experimental results at TIG welded flange-mpenections with
2 mm wall thickness of AISI 304 austenitic staisleseel are given as
follows:
1. The welding current values within the range ©0vw&re appropriate
working values.
2. Smaller angular distortions occurred at the ¢arts with filler rod.
3.  70-ampere was the most appropriate value batiwétding with and
without filler rod.
4.  The least angular distortion was obtained aampere without filler
rod.
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